Animals are adapted to their ecological niches. An important feature of this adaptation is the specification of sensory systems. The vector of the human disease malaria, the mosquito, uses odors such as CO 2 as attractive cues for host detection. Conversely, in the fly, Drosophila, CO 2 elicits a robust escape response. This behavioral specification has anatomical counterparts both at the level of sensory neuron localization and neuronal circuitry. Previously, we have reported that loss of microRNA-279 in Drosophila led to the formation of CO 2 sensory neurons, which normally reside in the antenna in the fly, in the maxillary palp similar to mosquito. The hybrid identity of these CO 2 neurons and their connectivity patterns in the brain, suggested that the loss of a single miRNA may have uncovered an evolutionary intermediate. In order to understand the molecular and potential evolutionary role of miR-279, we have identified the transcription factor Nerfin-1 as an important downstream target of miR-279. Presently, we are characterizing a mutant of a homeobox transcription factor as a putative regulator for miR-279 expression. Conspecific chemosensory communication controls a broad range of behaviors and, in most mammals, social chemosignals are predominantly detected by sensory neurons of a specialized olfactory subsystem -the vomeronasal organ (VNO). The behavioral relevance of social chemosignaling puts high demands on the accuracy and dynamic range of the underlying transduction mechanisms; however, the physiological concepts implemented to ensure faithful transmission of social information remain largely unknown. Here, we show that sensory neurons in the mouse VNO dynamically control their input-output relationship by activity-dependent regulation of K + channel expression. Using large-scale expression profiling, immunochemistry and electrophysiology, we provide molecular and functional evidence for a role of ether-a-go-go related gene (ERG) K + channels as key determinants of cellular excitability that extend the dynamic range of the vomeronasal stimulus-response function. This novel mechanism of homeostatic plasticity is ideally suited to adjust VNO neurons to a target output range in a layer-specific and use-dependent manner. To make good decisions, animals and humans learn from the consequences of their choices to guide later decisions. Learning situations often consist of an early, exploratory phase and a later phase in which the behavior is reliably produced to exploit a resource. Studies using transgenic flies indicate that such complex tasks are accomplished by processing them with two separate, but interacting learning systems. The first, dominant system stores any relationships between stimuli in our environment. The second, genetically distinct system is subordinate and directly modifies behavioral circuits. Their hierarchical interactions ensure that the information each animal acquires about its environment remains flexible for use in different circumstances (generalization). Prolonged exposure to a given situation reduces this flexibility in favor of a more efficient, stereotyped behavior (habit formation). The molecular mechanisms of these two learning systems are starting to unravel. A prominent neuropil, the mushroom-bodies are mediating some of the interactions between these systems and regulate the balance between flexible exploration and efficient exploitation. -co-transporter mRNAs were in opposite directions for NKCC1 and KCC2. Ontogeny of Cl -homeostasis in neocortical neurons could be regulated via differential expression of NKCC1 and KCC2. Recently, it is shown that KCC2 knockout mice died immediately after birth due to severe motor deficient. Thus Cl -homeostasis also might play important roles for rhythmic burst activity in developmental brain stem. The ability to generate oscillatory rhythms is not a hallmark of the adult brain, but is present already during early development. We characterized in vivo the spatial/temporal dynamic and the underlying cellular mechanisms of the intermittent network bursts associated with spindle-shape field oscillations in the neonatal rodent cortex. These early synchronized patterns of activity are similar to the electroencephalografically recorded cortical activity of premature infants. In primary sensory cortical areas, the neonatal oscillations are triggered by peripheral inputs, controlled by hippocampus and subcortical drives and contribute to the formation of circuitry underlying sensory abilities. The neonatal oscillations are also involved in the maturation of executive and mnemonic functions, since they synchronize in theta-gamma frequency the prefrontal cortex. Elucidation of mechanisms by which early activity shapes the brain development will help to decide on the relationship between abnormal activity patterns and impairment of specific brain functions in neurodevelopmental disorders. We investigated the development of orientation and direction selectivity in the mouse primary visual cortex by using in vivo fast scanning two-photon imaging and the multi-cell bolus loading technique. We imaged the activity of layer 2/3 neuronal populations with single-cell resolution around eye opening (P13-P15), at 4 postnatal weeks (P26-P30) and in adults (P60-P100). In order to investigate the functional architecture of orientation and direction selectivity, we recorded the responses to oriented moving gratings. The proportion of cells responding to moving gratings increased during development. At eye opening, the majority of these responding cells were direction selective, whereas the proportion of orientation selective cells was
